The aging process directly impacts bodily functions on multiple levels, including a reduced ability to resist stress, damage and disease. Besides changes in metabolic control, the aging process coincides with the altered long non-coding RNAs (lncRNAs) expression, which are ≥200nt long class of non-protein coding RNAs. The majority of non-coding transcripts of mammalian organs and tissues are expressed in developmentally regulated and cell-type specific manners. Specific altered lncRNA level has been involved in induction and maintenance of the whole human body aging with highly specific spatial andtemporal expression patterns. Furthermore, many lncRNAs are transcribed in sense, antisense and bidirectional manners in the mammalian genome. They play a vital role in regulating organ or tissue differentiation during aging by binding with miRNA or proteins to act as a decoy. Recently, the correlation between lncRNAs and aging has been studied intensely. Here, we have summarized some examples of known and novel lncRNAs that have been implicated in the aging process in the whole mammalian body and we discuss these patterns, conservation and characters during aging. This may further promote the development of research on lncRNAs and the aging process.
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| INTRODUCTION
Sequencing of mammalian genomes including those of humans, mice and rats, has revealed that only about 2% of transcripts are protein-coding RNAs; the remainder are known as non-coding RNAs (ncRNAs). 1 In the past decade, these ncRNAs have been defined as transcriptional "noise," but now these are classified into two categories: (i) housekeeping ncRNAs, including ribosomal, transfer, small nuclear, and small nucleolar RNAs; (ii) regulatory ncRNAs, including miRNAs, small interfering RNAs, and piwi-associated RNAs, long non-coding RNAs (long intergenic non-coding RNAs, natural antisense RNAs, repeat containing RNAs, promoter associated RNAs).
2,3
Among ncRNAs, miRNAs are the most well studied. Reports have demonstrated that miRNAs regulate a series of biological processes, including the development of organs, cellular metabolism and aging.
In contrast to miRNAs, the role of lncRNAs in the controlling of aging development is poorly understood.
Aging is a complicated process and ultimately leads to morbidity.
It is reported that around 11% of the current world's population is above 60 years of age and this number will reach approximately 22% in 2020. 4 Aging is considered as the major risk factor for various dis- regulatory mechanisms in humans and macaques. With the agedependent decrease in neurogenesis, the predicted highly expressed and proliferation-associated lncRNAs were increased, such as Gomafu and MALAT1, which suggested that these lncRNAs become unresponsive to mitogenic or environmental stimulation or the stimuli themselves are diminished or not relayed correctly during aging. Firstly, Neat1, down-regulated in aging mouse livers, which has been involved in nuclear paraspeckle formation and nuclear retention of mRNAs. 41 In fact, knockdown Neat1 decreased the nuclear organizational structure. Secondly, a unique set of lncRNAs is that of Meg3, Rian(Meg8) and Mirg, which were up-regulated in aged liver and have been identified as part of the imprinted locus Dlk1-Dio. 42 Meg3 and Rian may directly recruit the polycomb repressive complex two (Prc2) 43 to actively regulate cell proliferation. Mirg could predict microRNA-mediated regulation of Myc and p53 cell cycle factors. 42 The supplementary information for these lncRNAs is listed in Table 1 .
White et al. also generated a series of networks of functional change in aging liver from the differentially expressed lncRNAs observed using DAVID or GOrilla. The networks resulted in multiple overlapping pro-aging processes, which included three major molecular phenotypes: inflammation, proliferative homeostasis and lipid metabolism (Figure 2 ). 23 The inflammatory cytokines secreted from senescent cells are capable of promoting the hyperplastic growth of surrounding cells. 44 Other reports also observed an increase of senescent cells in aging liver, 45 which promoted the agerelated increase of cancer through these same secreted cytokines.
IFNG-mediated pro-inflammatory response is also involved in the networks. 23 For example, sense lnc-RSAS showed a significantly increasing level of expression in the immature and adult compared to old rats in the CA1. Furthermore, lnc-RSAS was primarily in the cytoplasm of the cells but was slightly expressed signal in the nucleus, which is similar to lnc-BRE expression. This may be the result of lnc-RSAS and lnc-BRE binding site for signal recognition particle (SRP), which supports its cytoplasmic function. The supplementary information of these lncRNAs is listed in Table 1 . 
Neat1
Associated with nuclear para-speckle formation, as well as nuclear retention of mRNAs. Loss of Neat1 may well be one explanation for the increase in transcriptional noise that we have previously characterized and possibly that of decreased nuclear organizational structure , is predicted to be similarly down-regulated during aging in the human SEZ. This lncRNA is mammalianspecific and its expression levels are lower in brain tissue than elsewhere and may reflect expression specificity in particular cell types or regions, or dependence on activity in the human brain NEAT1 was implicated in paraspeckle formation and alternative splicing. 54 Additional lncRNAs, for example, the lncRNA Gomafu, are implicated in neuronal differentiation and alternative splicing in human cortical neurons 55 during aging, which is a direct target of the tumor suppressor p53. 56 However, it has to be noted that, in the absence of further functional studies, the other highly expressed lncRNAS were not characterized or functionally annotated. For example, lncRNA LINC00657 and lncRNA SNORD3A were mammalian-specific and may reflect expression specificity in particular cell types or regions in the human brain during aging.
F I G U R E 2 NcRNAs associate in INFG-mediated pro-inflammatory network. NcRNA network analysis reveals functional role for noncanonical transcript involvement in INFG-mediated pro-inflammatory response. Coloured nodes represent directionality of transcript expression within dataset: red, up-regulated; green, down-regulated; white, no significant change. Numbers below each gene represent the log 2 FoldChange (top) and FDR value (bottom) of that particular gene
| The character of altered lncRNAs during fat metabolism and muscle aging
Adipose tissue is an essential source of energy, and changed dramatically throughout a lifetime. For example, the size of adipose tissue increases during the adult years but declines in old age and becomes progressively distributed in the liver or muscle. 24 At the same time, these changes are essentially governed by transcriptional regulatory factors, which could be impaired during aging. LncRAP was the first identified dysregulated lncRNA during adipogenesis. 57 When the lncRAP were silenced, the lipids and adipogenic markers, for example PPARγ, were also inhibited and further impaired adipogenesis during aging. 58 It was also found that silencing the IGF2(insulin-like growth factor 2)-H19 locus during aging could enhance the lncRNA H19 expression, but low IGF2 expression may be involved in fat deposition in adult mice. 59 Other lncRNAs, such as lncDMRT2 and lncTP53, are also dysregulated in adipose tissue of aging human. 60 Based on the above illustration, it is reasonable to speculate that lncRNAs maybe used as biomarkers in aging-related adipose tissue in future clinical treatment plans.
In addition to fat metabolism, LncRNA H19 is also implicated in skeletal muscle development from birth to old age, 25 and can act as a molecular sponge to bind the miRlet-7. 
| TRANSCRIPTOME SEQUENCING LIMITATIONS
With the rapid expansion of genomic resources and the explosion of new genome sequencing technologies, researchers are now able to obtain multiple data by fast and cost-effective means. Microarrays have provided key insights into a number of biological processes, including aging. Some vital pathways, including inflammatory and mitochondrial processes, involved in aging have been identified by the microarray, which has the potential to provide mechanistic clues about aging. 47, 62 However, microarrays have some drawbacks. One of the drawbacks is that microarrays lack sensitivity, and so can't elucidate the transcriptional features of aging on a more sensitive level. Another drawback is in profiling the RNA complexity such as with non-coding transcripts in the brain, 63 and most of the results given by microarrays have a low repeatability.
64
Solexa/Illumina or SOLiD platform deep sequencing, known as next-generation sequencing technologies or RNA-seq (RNA sequencing), could reveal a snapshot of RNA presence, and is often used for structural and functional studies. This method could also detect splice variants and non-coding RNAs with highly reproducible, dynamic range, 65 and is more sensitive than traditional microarrays. 66 However, RNA-seq also has an obvious disadvantage, which is the inability to deduce gene arrangement and to achieve the control region from transcript data. Additionally, the number of transcripts detected by RNAseq varies depending on the different expression level and different samples, such as sample species, age, sex and so on. 67 Above all, a more sensitive and precise sequencing method needs to be developed in the future.
| CONCLUSION
Aging is considered the major risk factor in the occurrence of various diseases such as cardiovascular malfunctions, Parkinson's, Alzheimer's disease, osteoporosis and cancer. A growing body of research shows that lncRNAs are instrumental in the process of aging. This work has found highly specific spatial and temporal expression patterns in lncRNAs.
Furthermore, many lncRNAs are transcribed in sense, antisense and bidirectional manners in the mammalian genome, which bind with miRNA as a decoy to regulate organ or tissue differentiation during aging. Despite progress in recent years, lncRNA studies in aging are still at a very early stage and much effort is still needed to understand the lncRNA molecular mechanism underlying the aging progress. It's also necessary to find a novel more sensitive and highly repeatable sequencing method.
